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(57) ABSTRACT

First to N-th image forming units are sequentially arranged
from the upstream to the downstream along the movement
direction of an intermediate transfer belt. When L is defined
as a distance between contact points of every two adjacent
ones of the first to N-th image bearing members with the
intermediate transfer member, when V is defined as a moving
speed of the intermediate transfer belt and, when a timing at
which transfer bias applying unit for the n-th image forming
unit is turned off using a timing at which the transfer bias
applying unit for the first image forming unit is turned off as
reference is defined as (L/V)x(n-1)+a,,, ., for every integer
n between 2 and N is set so that an absolute value of o, is less
than [./V and at least one pair of ., among the plurality of .,
has different values.

8 Claims, 7 Drawing Sheets
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1
IMAGE FORMING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming appara-
tus, such as a printer, a facsimile, or a copying machine, using
an electrophotographic process or an electrostatic recording
process.

2. Description of the Related Art

A variety of image forming apparatuses using an electro-
photographic process or an electrostatic recording process as
an image forming process have been developed. An example
of'such a variety of image forming apparatuses is an interme-
diate transfer tandem type image forming apparatus having a
plurality of process cartridges arranged in a line along a
rotational direction of an intermediate transfer belt rotatably
tensioned to form a color image via an intermediate transfer
belt.

In the image forming apparatus, each of the process car-
tridges includes a photosensitive drum. A primary transfer
roller is disposed so as to face each of the photosensitive
drums with the intermediate transfer belt therebetween. The
primary transfer rollers correspond to a yellow (Y) color, a
magenta (M) color, a cyan (C) color, and a black (Bk) color.
The timings at which transfer operations performed by the
primary transfer rollers Y, M, C, and K (corresponding to the
colors) are shifted sequentially from each other. The timings
of switching ON-OFF of transfer bias applied to the primary
transfer rollers are shifted sequentially in synchronization
with the timings at which the transfer operations are per-
formed.

The ON-OFF switching of the transfer bias applied to the
primary transfer rollers causes a variation of the moving
speed of the intermediate transfer belt, causes a variation of
the position in the sub-scanning direction and, thus, causes
out of color registration. That is, if transition from the trans-
fer-on state to the transfer-off state occurs, transition from a
state in which the intermediate transfer belt is electrostati-
cally attracted to the photosensitive drum to a state in which
the intermediate transfer belt is not electrostatically attracted
to the photosensitive drum occurs. Accordingly, a variation of
the speed of the intermediate transfer belt occurs due to a
change in the attraction state between the intermediate trans-
fer belt and the photosensitive drum. Thus, an “out of color
registration” problem arises. In addition, in the image form-
ing apparatus, when the downstream primary transfer roller
performs a transfer operation, the timings at which the trans-
fer bias is turned off for the upstream primary transfer roller
is the same for all primary transfer units. Thus, a variation of
the position occurs at the same position of a recording
medium. As a result, a line-like image artifact that extends on
the recording medium (a sheet) in the main scanning direction
may become prominent. That is, a line-like image may dis-
advantageously become darker.

Japanese Patent Laid-Open No. 2005-148198 describes an
image forming apparatus to address such an issue. In the
image forming apparatus, when an overlapped image formed
onthe intermediate transfer belt is secondary-transferred onto
arecording medium, the transfer bias is continuously applied
to all the primary transfer rollers for a period of time from the
time the transfer operation performed by theY primary trans-
fer roller starts until the transfer operation performed by the
Bk primary transfer roller is completed. By avoiding ON-
OFF switching of application of transfer bias to any one of the
primary transfer rollers in this manner, a variation of the
speed of the intermediate transfer belt caused by ON-OFF
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switching is prevented and, thus, degradation of the image
quality, such as out of color registration, can be reduced.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, an image
forming apparatus includes N image bearing members each
allowing a toner image to be formed thereon, where N is 3 or
greater, N image forming units each having one of the image
bearing members, where the image bearing members are
disposed at equal intervals, an intermediate transfer member
configured to move so as to allow toner images to be sequen-
tially transferred thereonto at transfer positions at which the
intermediate transfer member faces the image bearing mem-
bers, where the first to N-th image forming units being
sequentially arranged from the upstream to the downstream
along the movement direction of the intermediate transfer
member, N transfer members each configured to transfer a
toner image from one of the image bearing members onto the
intermediate transfer member at the transfer position located
between the intermediate transfer member and the image
bearing member, N transfer power sources each configured to
apply a transfer bias to one of the N transfer members, and a
setting unit configured to set, when L is defined as a distance
between contact points of every two adjacent ones of the first
to N-th image bearing members with the intermediate transfer
member, when V is defined as a moving speed of the inter-
mediate transfer belt, and when a timing at which the transfer
power source for the n-th image forming unit is turned off
using a timing at which the transfer power source for the first
image forming unit is turned off as a reference is defined as

(L/V)x(n-1)+a,,

a,, for every integer n greater than or equal to 2 and less than
or equal to N so that an absolute value of a,, is less than L/V
and at least one pair of «,, among the plurality of a,, has
different values.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view schematically illustrating
an image forming apparatus according to an exemplary
embodiment of the present invention.

FIG. 2 is a block diagram of main drive units and the
structure for controlling the main drive units according to the
present exemplary embodiment.

FIG. 3 is a block diagram of a control system according to
the exemplary embodiment.

FIG. 4 illustrates the parameters of conditional expressions
for control according to the exemplary embodiment.

FIG. 5 is atiming diagram illustrating an example of opera-
tion control according to the exemplary embodiment.

FIG. 6 is atiming diagram illustrating an example of opera-
tion control according to a comparative example.

FIG. 7A illustrates a line-like image according to the exem-
plary embodiment; and FIG. 7B illustrates a line-like image
according to the comparative example.

DESCRIPTION OF THE EMBODIMENTS

Exemplary embodiments of the present invention are
described below with reference to the accompanying draw-
ings. FIG. 1 is a cross-sectional view schematically illustrat-
ing an image forming apparatus 1 (e.g., a tandem type color
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printer) according to an exemplary embodiment. FIG. 2 is a
block diagram of main drive units and the structure for con-
trolling the main drive units according to the present exem-
plary embodiment.

As illustrated in FIG. 1, the image forming apparatus 1
includes an apparatus main body 1la. The apparatus main
body 1aincludes a first image formation unit (11Y) to an N-th
image formation unit (11Bk). The image forming units 11Y
to 11Bk are sequentially arranged from the upstream to the
downstream along the movement direction of an intermediate
transfer belt 13 serving as an intermediate transfer member (a
rotational direction indicated by an arrow H).

The image forming unit 11Y forms a yellow (Y) color
image, the image forming unit 11M forms a magenta (M)
color image, the image forming unit 11C forms a cyan (C)
color image, and the image forming unit 11Bk forms a black
(Bk) color image.

Asillustrated in FIG. 2, the image forming units 11Y, 11M,
11C, and 11Bk include photosensitive drums 31, 32, 33, and
34 serving as image bearing members, respectively. The pho-
tosensitive drums 31, 32, 33, and 34 are disposed at equal
intervals so that the axis directions thereof are parallel to one
another. In the vicinity of the rotatable photosensitive drums
31, 32, 33, and 34 on which a toner image is formed, charging
devices (not illustrated), developing units (not illustrated),
primary transfer rollers 39, 40, 41, and 42 serving as transfer
members, and drum cleaners (not illustrated) are disposed,
respectively. The primary transfer rollers 39 to 42 are transfer
rollers that are rotatable while being in contact with the inter-
mediate transfer belt 13.

The plurality of image forming units (four units, that is, the
image forming units 11Y, 11M, 11C, and 11Bk, in the present
exemplary embodiment) include the photosensitive drums
31,32, 33, and 34, respectively. The photosensitive drums are
disposed at equal intervals (“L” in FIG. 4). The primary
transfer rollers 39, 40, 41, and 42 transfer toner images from
the photosensitive drums 31, 32, 33, and 34 onto the interme-
diate transfer belt 13 at a transfer position (a contact point A
in FIG. 4) located between the intermediate transfer belt 13
and each of the photosensitive drums 31, 32, 33, and 34,
respectively.

The intermediate transfer belt 13 is formed as a continuous
belt that revolves and conveys the transferred toner images.
The intermediate transfer belt 13 revolves (moves) so that the
toner images formed on the photosensitive drums (the image
bearing members) are sequentially transferred thereonto at
the transfer positions (the contact points A in FIG. 4) at which
the photosensitive drums 31 to 34 face the intermediate trans-
fer belt 13.

Beneath the photosensitive drum 31 of the image forming
unit 11, a slit 52a of a scanning optical device (an exposure
unit) 22 is located. Beneath the photosensitive drum 32 of the
image forming unit 11M, a slit 525 of the exposure unit 22 is
located. Beneath the photosensitive drum 33 of the image
forming unit 11C, a slit 52¢ of the exposure unit 22 is located.
Beneath the photosensitive drum 34 of the image forming unit
11Bk, a slit 52d of the exposure unit 22 is located. The
exposure unit 22 emits laser beams 53 corresponding to the Y,
M, C, and Bk colors from the slits 52a, 525, 52¢, and 52d to
surfaces of the photosensitive drums 31, 32, 33, and 34,
respectively. Thus, the exposure unit 22 forms an electrostatic
latent image on each of the surfaces of the drums 31 to 34.

Each of the charging devices (not illustrated) uniformly
charges one of the surfaces of the photosensitive drums 31,
32, 33, and 34 using a charge bias applied from a charging
bias power source (not illustrated) so that the surfaces have a
predetermined potential of a negative polarity. The develop-
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ing units (not illustrated) contain'Y color toner, M color toner,
C color toner, and Bk color toner. The toner can be resupplied
from each of toner bottles 14 (see FIG. 1) as needed.

A drive transmitting mechanism of each of the photosen-
sitive drums 31, 32, and 33 is configured so that the photo-
sensitive drums 31, 32, and 33 are rotationally driven by a
color motor gear 65 driven by a shared color motor 64 via a
color drive gear 67, idler gears 66a and 665, and color drive
gears 67a and 67bh. A drive transmitting mechanism of the
photosensitive drum 34 is configured so that when black
monochrome printing is performed, the photosensitive drum
34 is rotationally driven by a Bk motor gear 62 rotated by a
dedicated Bk motor 61 via a Bk drive gear 63. The color motor
64 and the Bk motor 61 that drive the photosensitive drums 31
to 34 are controlled by a drive circuit 46 of a control unit 45
corresponding to a control unit of the present invention.

Each of the developing units (not illustrated) includes a
developing roller (not illustrated). The developing roller is in
contact with a corresponding one of the photosensitive drums
31 to 34 and starts rotating in a direction opposite to the
rotational direction of the photosensitive drum at a time when
a development bias is applied. In this manner, development
starts. The developing units deposit Y color toner, M color
toner, C color toner, and Bk color toner onto the correspond-
ing photosensitive drums 31, 32, 33, and 34 to develop the
electrostatic latent images into toner images.

Each of the photosensitive drums 31 to 34 has a photocon-
ductive layer on a drum base substance made of aluminum
and serving as an OPC photoconductor of a negative polarity.
The photosensitive drum is rotatingly driven by the driving
unit (not illustrated) in a direction of an arrow I illustrated in
FIG. 2 at a predetermined process speed.

The primary transfer rollers 39, 40, 41, and 42 are in
contact with the photosensitive drums 31, 32, 33, and 34,
respectively, via the intermediate transfer belt 13 in primary
transfer nip portions N1 (contact positions). The primary
transfer rollers 39, 40, 41, and 42 have the transfer bias
applied thereto from a transfer bias power source 44 via
switching units 48, 49, 50, and 51, respectively, under the
control of a bias control portion 71 of the control unit 45.

Drum cleaner units (not illustrated) are made from, for
example, cleaning blades. The drum cleaner units remove
residual toner remaining on the photoconductors of the pho-
tosensitive drums 31, 32, 33, and 34 at the time of primary
transfer.

As illustrated in FIG. 1, the intermediate transfer belt 13
formed as a continuous belt is rotatably (movably) entrained
by the drive roller 16a serving as the secondary transfer inner
roller, a tension roller 38, and a stretching roller 43 in a
direction of an arrow H (a counterclockwise direction). Note
that the intermediate transfer belt 13 is formed of a dielectric
resin, such as a polycarbonate or polyethylene terephthalate
resin film or a polyvinylidene fluoride resin film.

The drive roller 16a serving as the secondary transfer inner
roller is disposed so as to face a secondary transtfer outer roller
165. The drive roller 16a is in contact with the secondary
transfer outer roller 165 via the intermediate transfer belt 13
to form a secondary transfer unit (a secondary transfer nip
portion N2). The secondary transfer unit (N2) secondary-
transfers, to a recording medium P conveyed from the paper
cassette 4, the toner image that has been primary-transferred
onto the intermediate transfer belt 13. In addition, in the
vicinity of the tension roller 38 on the outer side of the
intermediate transfer belt 13, a belt cleaning unit 91 is dis-
posed. The belt cleaning unit 91 removes transfer residual
toner remaining on the surface of the intermediate transfer
belt 13 and collects the toner.
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The paper cassette 4 is disposed in the lower section of the
apparatus main body la. The paper cassette 4 allows the
recording media P to be stacked on an inner plate 5 thereof
and, thus, contains the recording media P. The recording
media P contained in the paper cassette 4 are fed one by one
by a feed roller 3 disposed at a position downstream thereofin
the media feed direction. The recording medium P is con-
veyed to a registration pair 10 by conveying roller pairs 7, 8,
and 9 disposed downstream of the feed roller 3 and is tenta-
tively stopped at the position of the registration pair 10.
Thereafter, conveyance of the recording medium P is
restarted at appropriate timing so that the toner image is
transferred onto the recording medium P at a predetermined
position in the secondary transfer unit (N2).

The recording medium P having the toner image second-
ary-transferred in the secondary transfer unit (N2) is heated
and pressed in the fixing unit 17 disposed downstream of the
secondary transfer unit. Thus, the toner image is fixed to the
recording medium P. Thereafter, the recording medium P is
output onto a sheet discharge tray 21 via a sheet-output-roller
pair 20. The fixing unit 17 is formed by a fixing roller 19 and
a pressure roller 18 disposed so as to face each other. The
pressure roller 18 is in pressure contact with the fixing roller
19. The apparatus main body 1a has a door unit 2 on one side.
The apparatus main body 1a supports the door unit 2 in a
rotatable manner about a rotating shaft 2a. Thus, the second-
ary transfer outer roller 165 can be separated from the drive
roller 16a.

The control system according to the present exemplary
embodiment is described next with reference to FIG. 3. Note
that FIG. 3 is a block diagram of the control system according
to the present exemplary embodiment.

That is, as illustrated in FIG. 3, the control unit 45 corre-
sponding to a control unit of the invention is formed from a
microcomputer including a read only memory (ROM), a ran-
dom access memory (RAM), and a central processing unit
(CPU) (none are illustrated). The control unit 45 includes an
image forming portion 70, the bias control portion 71, and a
primary transfer drive control portion 72.

The image forming portion 70 outputs, to each of the units,
commands based on information input from an operation unit
provided in the apparatus main body 1la. Thus, an image
forming process (image generation) is performed using the
image forming units 11Y, 11M, 11C, and 11Bk.

The bias control portion 71 applies the transfer bias to the
primary transfer rollers 39 to 42. That is, the bias control
portion 71 performs on/off control on the transfer bias power
source 44 and applies a transfer bias voltage to the primary
transferrollers 39,40, 41, and 42 using the switching units 48,
49, 50, and 51, respectively. When the control unit 45 per-
forms on/off control of application of the transfer bias, the
bias control portion 71 performs on/oft control of application
of'the transfer bias using the transfer bias power source 44 in
synchronization with the transfer operations performed by
the primary transfer rollers 39 to 42 for the four colors. Note
that N transfer bias applying units are formed by the transfer
bias power source 44, the switching units 48 to 51, and the
bias control portion 71.

The primary transfer drive control portion 72 controls the
color motor 64 and the Bk motor 61 via the drive circuit 46.

The parameters of conditional expressions for control and
an example of the operation control are described below with
reference to FIGS. 4 and 5. FIG. 4 illustrates the parameters of
conditional expressions for control, and FIG. 5 is a timing
diagram illustrating an example of the operation control.

Asillustrated in FIGS. 4 and 5, the control unit 45 performs
the following control. That is, let L (mm) be the distance
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between every two adjacent ones of the photosensitive drums
31 to 34 (the distance between the image bearing members,
the drum center-to-drum center distance), and let V (mm/s) be
the moving speed of the intermediate transfer belt 13 (a belt
speed). In addition, let X (mm) be the offset distance between
a contact point between the intermediate transfer belt 13 and
each of the photosensitive drums 31, 32, 33, and 34 (the point
A illustrated in FIG. 4) and a contact point between the
intermediate transfer belt 13 and one of the primary transfer
rollers 39, 40, 41, and 42 corresponding to the photosensitive
drum (a point B illustrated in FIG. 4). That is, “X” (mm) is
defined as an offset distance between a vertical line that
passes through the center of each of the photosensitive drums
31, 32, 33, and 34 and a vertical line that passes through the
center of one of the primary transfer rollers 39, 40, 41, and 42
corresponding to the photosensitive drum.

Furthermore, an image formation unit that completes a
transfer operation performed by one of the primary transfer
rollers 39 to 42 (e.g., the image forming unit 11Y) at the first
earliest time is defined as a “first image formation unit”. An
image formation unit that completes a transfer operation per-
formed by one ofthe primary transfer rollers 39 to 42 (e.g., the
image forming unit 11BKk) at the n-th earliest time (e.g., the
fourth earliest time) is defined as an “n-th image formation
unit”. Let o, be a deviation of transfer off timing from a
transfer off timing for the transfer position (the contact point
A illustrated in FIG. 4) in the n-th image formation unit, and
let T, (n=2) be a difference between the transfer off timing in
the n-th image formation unit and the transfer off timing in the
(n-1)th image formation unit (e.g., the image forming unit
11C). Then, the control unit 45 performs image control so as
to satisfy the following expressions:

T,=L/V+a, (€8]

X/V<a,<L/V @

T,=Ty(nk, k=2) ©)

In addition, the control unit 45 performs image control so that
the difference between T, and another T, is greater than or
equal to X/V. The control unit 45 controls the transfer off
timing of the transfer bias of each of the above-described
transfer bias applying units (the transfer bias power source
44, the switching units 48 to 51, and the bias control portion
71) so as to satisty such conditions.

Thus, the control unit 45 performs control so as to satisfy
the following relational expressions:

X/V<a,<L/V,
X/V<az<L/V, and

X/V<a,<L/V.

According to the present exemplary embodiment, the rea-
son why “X/V” is used in the transfer off timing control is as
follows. That is, “X/V” represents a period of time during
which a transfer process (the primary transfer process) is
performed in the primary transfer nip portion N1 of the pri-
mary transfer unit. The operation in the primary transfer nip
portion N1 is a complex mix of the belt speeds in the main
scanning direction and the sub scanning direction. Accord-
ingly, it is not desirable that during the transfer process in the
primary transfer nip portion N1, another image formation unit
(another station) electrically turns on and off a transfer bias.
Thus, the control unit 45 is configured so as not to turn off the
transfer bias for an interval of “X/V”.

As illustrated in FIG. 4, the contact point A between the
intermediate transfer belt 13 and each of the photosensitive
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drums 31, 32, 33, and 34 is not the same as the contact point
B between the intermediate transfer belt 13 and the corre-
sponding one of the primary transfer rollers 39, 40, 41, and
42. There is a certain distance X between the contact point A
and the contact point B (X represents the offset distance of the
primary transfer roller). The four photosensitive drums 31 to
34 are disposed at predetermined equal intervals so that the
axis directions thereof are parallel to one another, as
described above.

In addition, the off times of the transfer bias for the four
colors are defined in the order in which the primary transfer is
completed, as follows:

T1=13,12=Tm,13=Tc, and T4=Tk.

Then, the control is performed so as to satisfy the conditions
described below. Note that Ty represents a time interval from
the time a'Y station (the image forming unit 11Y) completes
primary transfer to the time an M station (the image forming
unit 11M) completes primary transfer. To increase the useful
life of the photosensitive drums 31 and 32, it is desirable that
the transfer bias is turned off immediately after the primary
transfer in the Y station.

That is, the control unit 45 performs control so that the
following relational expressions are satisfied:

Tm=L/V+a, 4

Te=L/V+a, (5)

Tk=L/V+a, (6)

If, like the present exemplary embodiment, four photosen-
sitive drums are provided to form a four-color image, the
control unit 45 performs the following control. That is, an
image formation unit that completes the second earliest trans-
fer operation performed by the primary transfer roller is
defined as a second image formation unit (11M). An image
formation unit that completes the third earliest transfer opera-
tion is defined as a third image formation unit (11C). An
image formation unit that completes the fourth earliest trans-
fer operation is defined as a fourth image formation unit
(11Bk). Then, the control unit 45 performs control so that the
following relational expressions are satisfied:

X/V<|T2-T3| @]

X/V<|T2-T4| ®

X/V<IT3-TA(T2=T3=T4) ©)

Accordingly, as can be seen from the timing diagram illus-
trated in FIG. 5, applied-bias-on operations in the primary
transfer operations performed by the primary transfer rollers
39 to 42 on the basis of the above-described conditions are
temporally shifted sequentially from each other. Note that for
each of the colors, primary transfer is performed after the
applied bias is turned on. Similarly, applied-bias off opera-
tions in the primary transfer operations are temporally shifted
sequentially from each other. For each of the colors, primary
transfer bias is turned off at a time later than the primary
transfer completion time.

According to the present exemplary embodiment, the pri-
mary transfer bias off timings in the primary transfer opera-
tions for all the colors (i.e., transfer off timings) differ from
one another due to the conditions determined by equations (1)
to (9). Accordingly, the transfer bias is not turned off at the
same position in a recording medium.

Determination of off timings in the image formation units
is described below by using, as reference timing, the bias off
timing of the transfer bias applying unit (the transfer bias
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power source 44, the switching unit 48, and the bias control
portion 71) of the image forming unit 11Y (the first image
formation unit) including photosensitive drum 31 located at
the uppermost stream position.

That is, as illustrated in FIGS. 2 and 4, N photosensitive
drums each serving as an image bearing member (N is greater
than or equal to 3), that is, the four photosensitive drums 31 to
34 are disposed. In addition, N image formation units (N is
greater than or equal to 3), that is, the four image forming
units 11Y to 11Bk are disposed. Furthermore, N primary
transfer rollers each serving as a transfer member (N is greater
than or equal to 3), that is, the four primary transfer rollers 39
to 42 are disposed. Still furthermore, N transfer bias applying
units (the transfer bias power source 44, the switching units
48 to 51, the bias control portion 71) (N is greater than or
equal to 3), that is, the four transfer bias applying units cor-
responding to the switching units 48 to 51 are disposed. In this
manner, the image forming unit 11Y (the first image forma-
tion unit) to the image forming unit 11Bk (the n-th image
formation unit) are sequentially arranged from the upstream
to the downstream along the movement direction of the inter-
mediate transfer belt 13 (the intermediate transfer member)
(the direction of the arrow H).

First Setting

In the above-described configuration, let L be the distance
between the contact points of adjacent ones of the photosen-
sitive drums 31 to 34 with the intermediate transfer belt 13
along the intermediate transfer belt 13 (along the intermediate
transfer member), and let V be the moving speed of the
intermediate transfer belt 13. Then, the control unit 45 serving
as a setting unit sets the following setting.

That is, for every integer n that is greater than or equal to 2
and less than or equal to N, a timing at which the transfer bias
applying unit (the transter bias power source 44, the switch-
ing unit 48, and the bias control portion 71) in the image
forming unit 11Y (the first image formation unit) is turned off
is used as a reference. By using such a reference, a timing at
which the transfer bias applying unit (the transfer bias power
source 44, the switching unit 51, and the bias control portion
71) in the image forming unit 11Bk (the n-th image formation
unit) is turned off is defined as (L/V)x(n-1)+c,,. At that time,
the control unit 45 sets @, so that the absolute value of o, is
less than [./V and, in addition, at least one pair of ¢, among a
plurality of o, has different values. Note that o, represents a
deviation of a transfer off timing.

Ifthe impact of offset can be ignored, the setting can be set
without taking into account the offset distance X of each of
the primary transfer rollers 39 to 42, as described above. In
such a case, some effect can be obtained even when all o are
not different values. Thus, it is only required that at least one
pair of o among a plurality of o has different values.
Second Setting

For every integer n that is greater than or equal to 2 and less
than or equal to N, a timing at which the transfer bias applying
unit (the transfer bias power source 44, the switching unit 48,
and the bias control portion 71) in the image forming unit 11Y
(the first image formation unit) is turned off is used as a
reference. By using such a reference, a timing at which the
transfer bias applying unit (the transfer bias power source 44,
the switching unit 51, and the bias control portion 71) in the
image forming unit 11Bk (the n-th image formation unit) is
defined as (L/V)x(n-1)+c,. At that time, the control unit 45
sets o, so that the absolute value of an is less than [L/V and, in
addition, the plurality of a.,, are different values. If the impact
of offset can be ignored, the setting can be set without taking
into account the offset distance X of each of the primary
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transfer rollers 39 to 42, as described above. In such a case,
the plurality of o are set to different values.
Third Setting

In addition, if the offset distance X described below is
considered as a factor, the setting can be set as follows. That
is, the offset distance X is a distance between a contact point
between the intermediate transfer belt 13 and each of the
photosensitive drums 31, 32, 33, and 34 (the point A illus-
trated in F1G. 4) and a contact point between the intermediate
transfer belt 13 and the corresponding one of the primary
transfer rollers 39, 40, 41, and 42 corresponding to the pho-
tosensitive drum (a point B illustrated in FIG. 4) along the
movement direction of the intermediate transfer belt 13 (the
direction of the arrow H illustrated in FIG. 2).

That is, for every integer n that is greater than or equal to 2
and less than or equal to N, a timing at which the transfer bias
applying unit (the transfer bias power source 44, the switch-
ing unit 48, and the bias control portion 71) in the image
forming unit 11Y (the first image formation unit) is turned off
is used as a reference. By using such a reference, a timing at
which the transfer bias applying unit (the transfer bias power
source 44, the switching unit 51, and the bias control portion
71) in the image forming unit 11Bk (the n-th image formation
unit) is defined as (I/V)x(n-1)+a,,. At that time, the control
unit 45 sets an so that the absolute value of ., is greater than
X/V and less than L/V and, in addition, at least one pair of c,,
among the plurality of o, has different values.

Fourth Setting

In addition, if the offset distance X described above is
considered as a factor, the setting can be set as follows. That
is, for every integer n that is greater than or equal to 2 and less
than or equal to N, a timing at which the transfer bias applying
unit (the transfer bias power source 44, the switching unit 48,
and the bias control portion 71) in the image forming unit 11Y
(the first image formation unit) is turned off is used as a
reference. By using such a reference, a timing at which the
transfer bias applying unit (the transfer bias power source 44,
the switching unit 51, and the bias control portion 71) in the
image forming unit 11Bk (the n-th image formation unit) is
defined as (L/V)x(n-1)+0,,. At that time, the control unit 45
sets o, so that the absolute value of o, is greater than X/V and
less than L/V and, in addition, the plurality of o, are different
values.

At that time, the variation in speed of the intermediate
transfer belt 13 occurs due to a variation of the level of an
electrostatically attractive force between the intermediate
transfer belt 13 and each of the photosensitive drums 31 to 34
generated when transition from a transfer-on state to a trans-
fer-off state occurs for each of the colors. According to the
present exemplary embodiment, the control unit 45 performs
control on the basis of the first to fourth settings described
above. Accordingly, the variation of speed of the intermediate
transfer belt 13 occurs at different positions in the recording
medium (positions a, b, and c illustrated in FIGS. 7A and 7B).
Accordingly, a line-like image caused by a variation of the
position can be made faint and is reduced.

Control performed when a full-color image is formed
according to the present exemplary embodiment is described
with reference to the schematic illustration in FIG. 4 and the
timing diagram illustrated in FIG. 5.

That is, in the image forming apparatus 1, the laser beam 53
generated in accordance with image data is emitted from the
exposure unit 22 under the control of the image forming
portion 70. By emitting the laser beam 53 onto the surface of
each of the photosensitive drums 31 to 34, an electrostatic
latent image is formed on the photosensitive drum charged by
one of the charging devices (not illustrated).
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Thereafter, toner supplied from the developing unit (not
illustrated) is deposited onto the electrostatic latent image and
is visualized as a toner image. The toner images are sequen-
tially primary-transferred onto the intermediate transfer belt
13 that is moving in synchronization with the rotation of the
photosensitive drum through the transfer operations per-
formed by the primary transfer rollers 39 to 42.

During the primary transfer, the primary transfer drive
control portion 72 controls the color motor 64 and the Bk
motor 61 via the drive circuit 46 to drive the primary transfer
rollers 39 to 42. Furthermore, the bias control portion 71
performs on/off control on the transfer bias power source 44
to apply the transfer bias voltage to the primary transfer
rollers 39 to 42 using the switching units 48 to 51, respec-
tively, as follows.

That s, a first primary transfer bias is applied to the primary
transfer roller 39 for a’Y color to turn on the primary transfer
roller 39 first. Thereafter, the first primary transfer bias is
sequentially applied to the primary transfer roller 40 for an M
color, the primary transfer roller 41 for a C color, and the
primary transfer roller 42 for a Bk color to turn on the primary
transfer rollers. That is, while the primary transfer roller 39 is
rotating under the control of the control unit 45, the transfer
bias for a Y color is turned on (t1), and a primary transfer
operation for aY color is started (turned on) (t2). In addition,
while the primary transfer roller 40 is rotating, the transfer
bias for an M color is turned on (t3), and a primary transfer
operation for an M color is started (turned on) (t4). Further-
more, while the primary transfer roller 41 is rotating, the
transfer bias for a C color is turned on (t5), and a primary
transfer operation for a C color is started (turned on) (t6). Still
furthermore, while the primary transfer roller 42 is rotating,
the transfer bias for a Bk color is turned on (t7), and a primary
transfer operation for a Bk color is started (turned on) (t8).

In addition, the primary transfer operation performed by
the primary transfer roller 39 fora’Y color that is on is turned
off (19), and the transfer bias for a’Y color is turned off (t10).
Furthermore, the primary transfer operation performed by the
primary transfer roller 40 for an M color that is on is turned off
(t11), and the transfer bias for an M color is turned off (112).
Still furthermore, the primary transfer operation performed
by the primary transfer roller 41 for a C color that is on is
turned off (t13), and the transfer bias fora C color is turned off
(t14). Still furthermore, the primary transfer operation per-
formed by the primary transfer roller 42 for a Bk color that is
on is turned off (t15), and the transfer bias for a Bk color is
turned off (t16).

Subsequently, the different toner images formed on the
photosensitive drums are transferred onto the intermediate
transfer belt 13 one on top of the other to form a four-color
toner image on the intermediate transfer belt 13. Thereafter,
the color toner image on the intermediate transfer belt 13 is
secondary-transferred onto the recording medium P, which
has been fed from the paper cassette 4, in the secondary
transfer unit (N2) located between the secondary transfer
outer roller 165 and the intermediate transfer belt 13. Finally,
the recording medium P having the color toner image trans-
ferred thereonto is subjected to a fixing process in the fixing
unit 17 and, thereafter, is output onto the sheet discharge tray
21.

A comparative example in which the conditions according
to the present exemplary embodiment are not set is described
with reference to FIG. 6.

Thatis, as illustrated in FIG. 6, in the comparative example,
the transfer bias for a 'Y color is turned on (t21), and the
primary transfer operation for aY color is started (turned on)
(t22). In addition, the transfer bias for an M color is turned on
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(123), and the primary transfer operation for an M color is
started (turned on) (t24). Furthermore, the transfer bias for a
C color is turned on (125), and the primary transfer operation
for a C color is started (turned on) (t26). Still furthermore, the
transfer bias for a Bk color is turned on (t27), and the primary
transfer operation for a Bk color is started (turned on) (t28).

In addition, the primary transfer operation performed by
the primary transfer roller for aY color that is on is turned off
(129), and the transfer bias for a Y color is turned off (t30).
Furthermore, the primary transfer operation performed by the
primary transfer roller for an M color that is on is turned off
(t31), and the transfer bias for an M color is turned off (t32).
Still furthermore, the primary transfer operation performed
by the primary transfer roller for a C color that is on is turned
off (t33), and the transfer bias for a C color is turned off (t34).
Still furthermore, the primary transfer operation performed
by the primary transfer roller for a Bk color that is on is turned
off (t35), and the transfer bias for a Bk color is turned off
(136).

Unlike the above-described exemplary embodiment,
according to the above-described comparative example, the
conditions are not set. Accordingly, a variation of the position
occur at the same position in one recording medium. Thus, the
line-like image extending in the main scanning direction
becomes darker, as indicated by “d” in FIG. 7B.

In contrast, according to the present exemplary embodi-
ment, the occurrence of a situation in which a primary transfer
time is unnecessarily too long can be prevented and, in addi-
tion, the life times of the primary transfer rollers 39 to 42, the
intermediate transfer belt 13, and the photosensitive drums 31
to 34 can be maintained unchanged. Furthermore, a variation
of the speed of the intermediate transfer belt 13 caused by
transfer bias on/off switching can be prevented and, thus,
degradation of the image quality, such as out of color regis-
tration, can be reduced.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2014-057969 filed Mar. 20, 2014, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An image forming apparatus comprising:

N image bearing members each allowing a toner image to
be formed thereon, where N is 3 or greater;

N image forming units each having one of the image bear-
ing members, the image bearing members being dis-
posed at equal intervals;

an intermediate transfer member configured to move so as
to allow toner images to be sequentially transferred
thereonto at transfer positions at which the intermediate
transfer member faces the image bearing members, the
first to N-th image forming units being sequentially
arranged from the upstream to the downstream along a
movement direction of the intermediate transfer mem-
ber;

N transfer members each configured to transfer a toner
image from one of the image bearing members onto the
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intermediate transfer member at a transfer position
located between the intermediate transfer member and
the image bearing member;

N transfer power sources each configured to apply a trans-
fer bias to one of the N transfer members; and

a setting unit configured to set, when L is defined as a
distance between contact points of every two adjacent
ones of the first to N-th image bearing members with the
intermediate transfer member, when V is defined as a
moving speed of the intermediate transfer belt, and when
a timing at which the transfer power source for the n-th
image forming unit is turned off using a timing at which
the transfer power source for the first image forming unit
is turned off as a reference is defined as

(L/V)x(n-1)+a,,

a,, for every integer n greater than or equal to 2 and less than
or equal to N so that an absolute value of ., is less than
L/V and at least one pair of o, among the plurality of at,,
has different values.

2. The image forming apparatus according to claim 1,

wherein the setting unit sets o, so that the plurality of a.,,
have different values.

3. The image forming apparatus according to claim 1,

wherein when X is further defined as a distance between a
contact point between the image bearing member and
the intermediate transfer member and a contact point
between the transfer member corresponding to the
image bearing member and the intermediate transfer
member along the movement direction of the interme-
diate transfer member, the setting unit sets o, so that an
absolute value of a,, is greater than X/V.

4. The image forming apparatus according to claim 3,

wherein the setting unit sets o, so that the plurality of a.,,
have different values.

5. The image forming apparatus according to claim 1,

wherein the intermediate transfer member is a continuous
intermediate transfer belt that is movably kept under
tension, and

the transfer member is a transfer roller that is rotatable
while in contact with the intermediate transfer belt.

6. The image forming apparatus according to claim 2,

wherein the intermediate transfer member is a continuous
intermediate transfer belt that is movably kept under
tension, and

the transfer member is a transfer roller that is rotatable
while in contact with the intermediate transfer belt.

7. The image forming apparatus according to claim 3,

wherein the intermediate transfer member is a continuous
intermediate transfer belt that is movably kept under
tension, and

the transfer member is a transfer roller that is rotatable
while in contact with the intermediate transfer belt.

8. The image forming apparatus according to claim 4,

wherein the intermediate transfer member is a continuous
intermediate transfer belt that is movably kept under
tension, and

the transfer member is a transfer roller that is rotatable
while in contact with the intermediate transfer belt.
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